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(54) A bearing assembly

(57) A bearing assembly (10) comprising a housing
(11) and a ball (12) at least partially housed within the
housing. The housing comprises a race (14) having a
concave bearing surface (17),a sleeve (15) surrounding
the race, and a resilient member (16) disposed between
the race and the sleeve. The surfaces of the race (18)

11 22

and sleeve (19) adjacent the resilient member and the
surfaces of the resilient member preferably include at
least one pair of a co-operating protrusion (22) and re-
cess (21). Alternatively, or additionally, the surfaces of
the race and the sleeve adjacent the resilient member
have different curvatures.
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Description

[0001] THE PRESENT INVENTION relates to a bear-
ing assembly and in particular to a spherical bearing as-
sembly.

[0002] Figure 1 illustrates a known type of spherical
bearing 1 comprising a housing 2 and a ball 3 partially
housed within the housing 2. The housing 2 comprises
a race 4 having a spherical bearing surface 7, a sleeve
5 surrounding the race 4, and an elastomer 6 disposed
between and bonded to the race 4 and sleeve 5. The
race 4 and sleeve 5 are arranged coaxially about a central
axis of the housing 2. The ball 3 is mounted within the
race 4 such thatthe ball 3is free to rotate but is prevented
from any significant translational movement within the
race 4.

[0003] The elastomer 6 serves to absorb displacement
of the ball 3 relative to the housing 2 in a radial direction,
i.e. in adirection normal to the central axis of the housing
2. As aresult, the bearing assembly 1 is able to dampen
radial vibrations as well as compensate for minor mis-
alignments in the objects to which the bearing assembly
1 is mounted.

[0004] Aproblemwiththe bearing assembly 1 of Figure
listhatitisill-equipped at accommodating forces which
act on the ball 3 in a direction parallel to the central axis
of the housing 2, referred to hereafter as axial forces.
Axial forces acting on the ball 3 cause the ball 3 to be
displaced axially relative to the housing 2, i.e. in a direc-
tion parallel to the central axis. Owing to the engagement
of the race 4 with the ball 3, axial displacement of the ball
3 causes the race 4 to be displaced in the same direction.
This displacement of the race 4 relative to the sleeve 5
creates shearing forces between the race 4 and sleeve
5. Consequently, repeated or excessive axial displace-
ment of the race 4 relative to the sleeve 5 can lead to
one or both of the race:elastomer and sleeve:elastomer
interfaces shearing with the subsequent separation of
the elastomer 6 from the race 4 and/or sleeve 5. When
this occurs, the ball 2 and race 4 are free to separate
from the sleeve 5 resulting in failure of the bearing 1.
[0005] There is a threshold torque between the ball 3
and housing 2 below which there is no resultant move-
ment of the ball 3 relative to the housing 2. Above the
threshold torque, the ball 3 is caused to rotate within the
housing 2. The bearing assembly 1 of Figure 1 is poor-
ly-equipped at accommodating rotational forces below
the threshold torque which may act on the bearing as-
sembly 1, i.e. forces which cause the ball 3 to rotate within
the housing 2. Owing to frictional forces which act be-
tween the ball 3 and race 4, rotation of the ball 3 within
the race 4 encourages the race 4 to similarly rotate. This
is particularly true when the bearing 1 is secured to a
body by interference fit, which results in the housing 2
being radially compressed. Any rotation of the race 4
relative to the sleeve 5 will again create shearing forces.
Consequently, although the bearing 1 is designed to fa-
cilitate rotation of the ball 3 within the housing 2, the bear-
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ing 1 is susceptible to failure with repeated rotation of the
ball 3 below the threshold torque, due to shearing of the
race:elastomer and/or sleeve:elastomer interfaces.
[0006] Itis therefore an object of the present invention
to provide a bearing assembly that overcomes one or
more of the aforementioned disadvantages of the afore-
mentioned design. In particular, it is an object of the
present invention to provide a bearing assembly that is
more effective at accommodating axial and/or rotational
forces.

[0007] Accordingly, in afirst aspect, the presentinven-
tion provides a bearing assembly comprising a housing
and a ball at least partially housed within the housing,
the housing comprising a race having a concave bearing
surface and receiving at least a portion of the ball, a
sleeve surrounding the race, and a resilient member dis-
posed between the race and the sleeve, wherein the sur-
faces of the race and sleeve adjacent the resilient mem-
ber and the surfaces of the resilient member include at
least one pair of a co-operating protrusion and recess.
[0008] Preferably, the at least one protrusion and re-
cess co-operate such that the resilient member is com-
pressed upon rotating the race relative to the sleeve.
[0009] More preferably, the race and sleeve are ar-
ranged coaxially about a central axis and the at least one
protrusion and recess co-operate such that the resilient
member is compressed upon rotating the race relative
to the sleeve about the central axis.

[0010] Advantageously, atleast one co-operating pro-
trusion and recess are annular.

[0011] Conveniently, each protrusion and recess has
a curved profile.
[0012] Preferably, the resilient member is of uniform

thickness and the surface of the race adjacent the resil-
ient member includes one or more protrusions and re-
cesses andthe surface of the sleeve adjacentthe resilient
member includes one or more co-operating recesses or
protrusions.

[0013] Conveniently, the surfaces of the race and
sleeve adjacent the resilient member are respectively
convex and concave.

[0014] Advantageously, the surfaces of the race and
sleeve adjacent the resilient member have different cur-
vatures or ellipticities.

[0015] Preferably, at least one of the surfaces of the
race and sleeve adjacent the resilient member is rippled.
[0016] Advantageously, the surfaces of the race and
sleeve adjacent the resilient memberinclude at least one
pair of a protrusion and protrusion or protrusion and re-
cess which engage with one another upon displacement
of the race relative to the sleeve so as to prevent any
further displacement of the race relative to the sleeve.
[0017] In a second aspect, the present invention pro-
vides a bearing assembly comprising a housing and a
ball at least partially housed within the housing, the hous-
ing comprising a race having a concave bearing surface
and receiving at least a portion of the ball, a sleeve sur-
rounding the race, and a resilient member disposed be-
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tween the race and the sleeve, wherein the surfaces of
the race and the sleeve adjacent the resilient member
have different curvatures.

[0018] Conveniently, one of the surfaces of the race
and the sleeve adjacent the resilient member is a flat
annular surface.

[0019] Alternatively, the surfaces of the race and
sleeve adjacent the resilient member are respectively
convex and concave.

[0020] Preferably, at least one of the surfaces of the
race and sleeve adjacent the resilient member has a
non-spherical curvature, i.e. a non-zero ellipticity.
[0021] Advantageously, the thickness of the resilient
member is non-uniform.

[0022] Preferably, the resilient member is thicker atthe
centre of the housing than at the ends of the housing.
[0023] Alternatively, the resilient member is thicker at
the ends of the housing than at the centre of the housing.
[0024] Conveniently, the surfaces of the race and
sleeve adjacent the resilient member and the surfaces
of the resilient member include at least one pair of a
co-operating protrusion and recess.

[0025] Advantageously, the ball and the bearing sur-
face of the race are spherical.

[0026] Conveniently, the ball includes one or more
arms.

[0027] Alternatively, the ball includes a bore.

[0028] Advantageously a self-lubricating liner is pro-

vided between the race and ball.

[0029] Inathird aspect, the presentinvention provides
a method of manufacturing a bearing assembly compris-
ing the steps of: providing a ball; surrounding the ball with
a race having a concave bearing surface; surrounding
the race with a sleeve; and providing a resilient member
between the race and the sleeve, wherein the surfaces
of the race and sleeve adjacent the resilient member and
the surfaces of the resilient member include at least one
pair of a co-operating protrusion and recess.

[0030] Preferably the step of surrounding the ball with
a race comprises swaging the race onto the ball.
[0031] Advantageously the steps of surrounding the
race with a sleeve and providing a resilient member be-
tween the race and sleeve comprises surrounding the
race with the resilient member and swaging the sleeve
over the resilient member.

[0032] Conveniently, the step of providing the resilient
member includes moulding an elastomer onto the race
by an injection process.

[0033] Preferably, the elastomer is additionally mould-
ed onto the sleeve.

[0034] In order that the invention may be more readily
understood, and so that further features thereof may be
appreciated, the embodiments of the invention will now
be described, by way of example, with reference to the
accompanying drawings in which:

FIGURE 1is a cross-sectional view of a known bear-
ing assembly;
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FIGURE 2 is a cross-sectional view of a bearing as-
sembly in accordance with a first embodiment of the
present invention;

FIGURE 3 is a cross-sectional view of a bearing as-
sembly in accordance with a second embodiment of
the present invention;

FIGURES 4a and 4b are exploded cross-sectional
views of a region of the housing of bearing assem-
blies embodying the present invention;

FIGURE 5 is a cross-sectional view of a bearing as-
sembly in accordance with a third embodiment of the
present invention; and

FIGURE 6 is a cross-sectional view of a bearing as-
sembly in accordance with a fourth embodiment of
the present invention.

[0035] The bearing assembly 10 of Figure 2 comprises
a housing 11 within which a ball 12 is partially housed
and rotatably mounted.

[0036] The ball 12 is preferably spherical. However,
as is noted below, the shape of the ball 12 may alterna-
tively be spheroid. The ball 12 of the bearing assembly
10 illustrated in Figure 2 is a complete sphere. However,
only the portion of the ball 12 which engages with (i.e.
contacts) the housing 11 need be spherical. Consequent-
ly the ball 12 may alternatively be an incomplete sphere
or spheroid, as illustrated in Figures 3 and 5.

[0037] The ball 12 is attached to a pair of arms 13,
each arm extending on opposite sides of the ball 12 in a
direction away from the housing 11. The ball 12 and arms
13 are preferably integral so as to form a single element.
The arms 13 serve to mount the bearing assembly 10 to
other components and may be provided, for example,
with a screw thread 26 or bore 27.

[0038] Rather than a pair of arms 13, the ball 12 may
instead be attached to a single arm 13, as illustrated in
the embodiment of Figure 3. Alternatively, as illustrated
in Figure 5, the ball 12 may have no attaching arms and
instead include a bore 20 for receiving a shaft, axle or
the like.

[0039] The housing 11 comprises a race 14 having a
concave bearing surface 17, a sleeve 15 arranged about
the race 14 and aresilient member 16 disposed between
the race 14 and the sleeve 15. The race 14 and sleeve
15 are arranged coaxially about a central axis of the hous-
ing 11.

[0040] The ball 12 is mounted within the race 14 such
that the ball 12 is free to rotate in at least one direction
(and preferably in all directions) within the race 14. The
shape or curvature of the bearing surface 17 of the race
14 preferably conforms to that of the ball 12. Moreover,
both the ball 12 and the bearing surface 17 of the race
14 are preferably spherical. That is to say, the bearing
surface 17 and the portion of the ball 12 mounted within
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the race 14 have spherical curvatures. In employing a
spherical ball 12 and bearing surface 17, the ball 12 is
free to rotate in all directions within the race 14. Never-
theless, there may be instances for which a non-spherical
ball 12 and bearing surface 17 (e.g. an oblate or prolate
spheroid) may be desired, e.g. to inhibit rotation of the
ball 12 in a particular direction.

[0041] The diameter of the bearing surface 17 is pref-
erably only slightly greater than that of the ball 12 such
that rotation of the ball 12 is permitted whilst any signif-
icant translational movement of the ball 12 within the race
14 is prevented.

[0042] The resilient member 16 preferably extends
completely around the outermost surface 18 of the race
14 so as to form a collar between the race 14 and sleeve
15. Additionally, the resilient member 16 is preferably
made of an elastomeric material, such as rubber. How-
ever, other means of providing resilience, such as a
sealed fluid, may alternatively be used.

[0043] The outermost surface 18 of the race 14 adja-
centthe resilient member 16 is convex and the innermost
surface 19 of the sleeve 15 adjacent the resilient member
16 is concave. The surfaces 18, 19 of the race 14 and
sleeve 15 adjacent the resilient member 16 have corre-
sponding profiles. Thatis to say, the degrees of curvature
or ellipticities of the surfaces 18, 19 are the same.
[0044] Owing to the curved surfaces 18, 19 of the race
14 and sleeve 15 adjacent the resilient member 16, the
resilient member 16 is compressed whenever the race
14 and sleeve 15 move relative to one another in an axial
direction, i.e. in a direction parallel to the central axis of
housing 11. Moreover, as the race 14 and sleeve 15 are
further displaced axially relative to one another, the re-
silient member 16 is further compressed. Consequently,
the bearing assembly 10 is well-equipped at absorbing
axial forces which act upon the bearing assembly, i.e.
which cause the ball 12 to be displaced relative to the
housing 11 in a direction towards an open end of the race
14. Moreover, the bearing assembly 10 is particularly
well-suited at resisting excessive axial forces which
would otherwise cause the elastomer interfaces of the
spherical bearing 1 of Figure 1 to shear.

[0045] The outermost surface 18 of the race 14 adja-
cent the resilient member 16 includes an annular recess
or groove 21 and the innermost surface 19 of the sleeve
15 adjacent the resilient member 16 includes an annular
protrusion 22. The recess 21 and protrusion 22 are
aligned and co-operate such that the resilient member
16isreceivedintherecess 21 and additionally surrounds
the protrusion 22.

[0046] As a result of the resilient member 16 being
received by the recess 21, any motion of the race 14
relative to the resilient member 16 causes the resilient
member to be compressed. The only exception to this is
when the race 14 is rotated relative to the resilient mem-
ber 16 about the same axis as that defining the annular
recess 21, which in the embodiment illustrated in Figure
2 is coincident with the central axis of the housing 11.
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Additionally, as the resilient member 16 surrounds the
protrusion 22, any motion of the sleeve 15 relative to the
resilient member 16 causes the resilient member 16 to
be compressed; again, with the same exception. Conse-
quently, whenever the race 14 and sleeve 15 are dis-
placed relative to one another, the co-operating recess
21 and protrusion 22 cause the resilient member 16 to
be compressed. Moreover, as the race 14 is further dis-
placed relative to the sleeve 15, compression of the re-
silient member 16 by the co-operating recess 21 and pro-
trusion 22 increases.

[0047] The recess 21 and protrusion 22 therefore
co-operate to resist forces acting upon the bearing as-
sembly 10. For example, when axial forces act upon the
ball 12, the race 14 is displaced axially relative to the
sleeve 15. The co-operating recess 21 and protrusion 22
then cause the resilient member 16 to be compressed
S0 as to provide increasing resistance to axial displace-
ment of the race 14 relative to the sleeve 15. In this man-
ner, the resilient member 16 and the co-operating recess
21 and protrusion 22 actto dampen axial forces and resist
excessive axial forces which would otherwise cause the
interfaces of the resilient member 16 with the race 14
and/or sleeve 15 to shear.

[0048] The co-operating recess 21 and protrusion 22
additionally serve to absorb rotational forces which act
between the ball 12 and the housing 11. Owing to fric-
tional forces which act between the ball 12 and the bear-
ing surface 17 of the race 14, the race 14 experiences a
force whenever the ball 12 rotates within the race 14.
This is particularly true when the bearing assembly 10 is
secured to a body by interference fit. Owing to the radial
compression of the housing 11 that results from an inter-
ference fit, the race 14 is generally compressed onto the
ball 12. Consequently, the frictional forces between the
ball 12 and race 14 can be considerable. As the ball 12
rotates within the race 14, the race 14 experiences a
displacement in the direction of rotation of the ball 12.
This displacement of the race 14 relative to the sleeve
13 creates a shearing force, which can result in the in-
terface of the resilient member 16 with the race 14 and/or
sleeve 15 failing. This is particularly true when the out-
ermost surface 18 of the race 14 and/or the innermost
surface 19 of the sleeve 15 are spherically curved.
[0049] In having a co-operating recess 21 and protru-
sion 22 on the interface surfaces 18, 19 of the race 14
and sleeve 15 adjacent the resilient member 16, the re-
silient member 16 is compressed whenever the race 14
is rotated relative to the sleeve 15. Accordingly, the bear-
ing assembly 10 is able to accommodate not only radial
and axial forces, but also rotational forces.

[0050] Astherecess 21 and protrusion 22 are annular,
the resilient member 16 is not compressed whenever the
race 14 and sleeve 15 are rotated relative to one another
about the axis that defines the annular recess 21. This
may be addressed by having a non-annular recess and
protrusion. Alternatively, more than one pair of protru-
sions and recesses may be provided on the interface
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surfaces 18, 19 of the race 14 and sleeve 15. Indeed,
the surfaces 18, 19 may be provided with various forms
of protrusions and co-operating recesses. For example,
the protrusion 22 and recess 12 may be in the form of a
spiral from one open end of the bearing surface 17 to the
other, a plurality of dimples and bumps, or the surfaces
18,19 may be rippled to provide a wavy profile.

[0051] Whilstreference has been made to arecess 21
in the outermost surface 18 of the race 14 and a protru-
sion 22 in the innermost surface 19 of the sleeve 15, it
will be appreciated that the same technical effect is
achieved when the recess 21 is formed instead in the
surface 19 of the sleeve 15 and the protrusion 22 is
formed in the surface 18 of the race 14. Indeed, where
more than one co-operating pair of protrusions and re-
cesses are employed, each surface 18, 19 of the race
14 and sleeve 15 may include both protrusions and re-
cesses.

[0052] The profile of each protrusion and recess is
preferably smooth, i.e. devoid of any sharp corners. This
then simplifies the manufacture and assembly of the
housing 11, as described below.

[0053] The resilient member 16 is preferably bonded
to both the race 14 and sleeve 15. However, as the pro-
trusions 22 and recesses 21 serve to retain the resilient
member 16 in position, the resilient member 16 need not
necessarily be bonded to either the race 14 or sleeve 15.
[0054] As already noted, the surfaces 18, 19 of the
race 14 and sleeve 15 adjacent the resilient member 16
are preferably curved such that the resilient member 16
is compressed whenevertherace 14 and sleeve 15 move
relative to one another in an axial direction. Although ref-
erence has been made to the surfaces 18, 19 of the race
14 and sleeve 15 having respectively convex and con-
cave profiles, it will of course be apparent that the sur-
faces 18, 19 may alternatively have respective concave
and convex profiles. Moreover, owing to the provision of
protrusions 22 and recesses 21, the surfaces 18, 19 of
the race 14 and sleeve 15 adjacent the resilient member
16 need not be curved and may equally be planar.
[0055] Inthe embodiment of the bearing assembly 10
described above and illustrated in Figure 2, the surfaces
of the resilient member 16 adjacent the race 14 and
sleeve 15 are free of any recesses 21 and protrusions
22.However, as will now be demonstrated with reference
to Figure 3, recesses 21 and protrusions 22 may equally
be formed in the surfaces of the resilient member 16.
[0056] Figure 3 illustrates an alternative embodiment
of bearing assembly 10 in accordance with the present
invention. Once again, the bearing assembly 10 compris-
es a housing 11 within which a ball 12 is housed and
rotatably mounted. However, unlike the embodiment of
Figure 2 in which the ball 12 is a complete sphere, the
ball 12 is only a partial sphere. Moreover, the ball 12 is
completely housed within the housing 11, rather than par-
tially housed as in the embodiment of Figure 2.

[0057] The ball 12 is connected to a single arm 13
which extends away from the housing 11. Again, the arm
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13 may be provided, for example, with a thread 26 or
bore 27.

[0058] The surfaces 18, 19 of the race 14 and sleeve
15 adjacent the resilient member 16 are planar, i.e. hav-
ing no curvature. However, one or both of the surfaces
18, 19 may equally be curved. Moreover, the curvature
or ellipticity of the surfaces 18, 19 may differ from one
another. For example, the curvature of the outermost sur-
face 18 of the race 14 may be sphercial (i.e. having an
ellipticity of zero) whilst the curvature of the innermost
surface 19 of the sleeve 15 may be spheroidal (i.e. having
a non-zero ellipticity).

[0059] The resilient member 16 is bonded to the out-
ermost surface 18 of the race 14 and is preferably bonded
to the innermost surface 19 of the sleeve 15. However,
as is described below, the adjacent surfaces 18, 24 of
the sleeve 15 and resilient member 16 have co-operating
protrusions 22 and recesses 21 and therefore the resil-
ient member 16 need not be bonded to the sleeve 15.
[0060] The outermost surface 18 of the race 14 and
the adjacent surface 23 of the resilient member 16 are
smooth, i.e. free of any protrusions or recesses. The in-
nermost surface 19 of the sleeve 15, on the other hand,
includes a pair of annular protrusions 22 which co-oper-
ate with a pair of annular recesses 21 (i.e. grooves)
formed on the adjacent surface 24 of the resilient member
16. The pairs of recesses 21 and protrusions 22 once
again co-operate such that the resilient member 16 is
compressed whenever the race 14 and sleeve 15 are
displaced relative to one another, either as a result of
axial or rotational forces.

[0061] This design of bearing assembly 10 is particu-
larly advantageous when the interface that is likely to
shear, upon subjecting the bearing assembly 10 to re-
peated or excessive axial or rotational forces, is that be-
tween the sleeve 15 and the resilient member 16.
[0062] The housing 2 of the spherical bearing 1 of Fig-
ure 1 is generally manufactured by moulding the elas-
tomer 6 directly onto the outermost surface of the race
4, applying an adhesive over the exposed surface of the
elastomer 6 and then swaging the sleeve 5 onto the elas-
tomer 6. As a result, the elastomer 6 is more securely
bonded to the race 4 than to the sleeve 5. Any shearing
of the bearing assembly 1 is therefore likely to occur at
the interface of the sleeve 5 and elastomer 6. With the
bearing assembly 10 of the present invention, on the oth-
er hand, the recesses 21 and protrusions 22 formed on
the adjacent surfaces 19, 24 of the sleeve 15 and resilient
member 16 co-operate to prevent, or at least significantly
reduce the chances of, shearing at this interface.
[0063] It will, of course, be appreciated that recesses
21 and protrusions 22 may be additionally, or alternative-
ly, formed on the outermost surface 18 of the race 14
and the surface 23 of resilient member 16 adjacent the
race 14. Again, the recesses 21 and protrusions 22 may
take on various forms, e.g. spirals, dimples/bumps, rip-
ples.

[0064] With the bearing assembly 10 of the present
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invention, recesses 21 and protrusions 22 are provided
on two or more adjacent surfaces 18, 19, 23, 24 of the
race 14, sleeve 15 and resilient member 16. As a result,
axial and/or rotational forces acting on the bearing as-
sembly 10 are unlikely to result in the failure of the inter-
faces between the race 14 and resilient member 16 and
between the sleeve 15 and resilient member 16. Never-
theless, there is a possibility that one or both of the in-
terfaces may fail. Additionally, the bearing assembly 10
may suffer from a failure of the resilient member 16 itself.
For example, the resilient member 16 may shear through
the centre or tear at the protrusions 22 and/or recesses
21. A failure of the resilient member 16 or its interfaces
could potentially result in the separation of the race 14
from the sleeve 15, and therefore the separation of the
ball 12 from the housing 11.

[0065] In order to prevent the race 14 and sleeve 15
from separating upon failure of the resilient member 16
or its interfaces, the surfaces 18, 19 of the race 14 and
sleeve 15 adjacentthe resilientmember 16 are preferably
curved. Moreover, the sleeve 15 preferably extends
along the race 14 in a direction parallel to the central axis
of the housing 11 such that inner diameter of the sleeve
15 (i.e. the diameter of the innermost surface 19 of the
sleeve 15) at the ends of the housing 11 is less than the
outer diameter of the race 14 (i.e. the diameter of the
outermost surface 18 of the race 14) at the centre or
equator of the housing 11. Consequently, should either
interface or the resilient member 16 fail, the race 14 is
prevented from separating from the sleeve 15 in a direc-
tion parallel to the central axis of the housing 11.
[0066] Alternatively, or additionally, one of the surfac-
es 18, 19 of the race 14 and sleeve 15 adjacent the re-
silient member 16 (referred to hereafter as the first sur-
face) includes at least one protrusion and the other sur-
face 18, 19 of the race 14 and sleeve 15 (referred to
hereafter as the second surface) includes at least one
recess and/or protrusion which engages with the protru-
sion of the first surface upon failure of the resilient mem-
ber 16. Engagement in this instance should be under-
stood to mean that the protrusion of the first surface is
prevented from passing the protrusion or recess of the
second surface whenever the race 14 and sleeve 15
move relative to one another. Since the protrusion of the
first surface is unable to pass the protrusion/recess of
the second surface, the race 14 and sleeve 15 are pre-
vented from separating.

[0067] Figures 4a and 4b illustrate possible examples
ofrecesses 21 and protrusions 22 formed on the surfaces
18, 19 of the race 14 and sleeve 15 which engage upon
failure of the resilient member 16.

[0068] InFigure4a,arecess2lisformedinthe surface
18 of the race 14 and a co-operating protrusion 22 is
formed on the surface of the sleeve 15. The resilient
member 16 is of uniform thickness and is free of any
recesses or protrusions. The depth of the recess 21 and
height of the protrusion 22 are each greater than the thick-
ness of the resilient member 16. Accordingly, the protru-
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sion 22 is prevented from escaping the recess 21 should
any failure of the resilient member 16 or its interfaces
with the race 14 or sleeve 15 occur.

[0069] In Figure 4b, a pair of protrusions 22a are
formed on the surface 18 of the race 14, and a single
protrusion 22b is formed on the surface 19 of the sleeve
15 at a position between the two protrusions 22a of the
race 14. Theresilient member 16 in this example includes
three recesses 21, each recess 21 being formed at and
co-operating with a protrusion 22a, 22b. The height of
each protrusion 22a, 22b is greater than half the normal
thickness of the resilient member 16. More precisely, the
total height of any pair of engaging protrusions 22a, 22b
is greater than the thickness of the resilient member 16.
As a result, the single protrusion 22b of the sleeve 15 is
prevented from passing either of the protrusions 22a of
the race 14 upon failure of the resilient member 16 or its
interfaces.

[0070] Figure 5 illustrates a further embodiment of a
bearing assembly 10 in accordance with the present in-
vention. In this further embodiment, the ball 12 of the
assembly 10 is an incomplete sphere housed entirely
within the housing 11 and has a bore 20 through the
centre for receiving a shaft, axle or the like. As with the
embodiments of bearing assembly 10 illustrated in Fig-
ures 2 and 3, the ball 12 may alternatively be a complete
sphere (or complete/partial spheroid) and may include
one or more arms attached to the ball 12.

[0071] The outermost surface 18 of the race 14 is con-
vex whilst the innermost surface 19 of the sleeve 15 is
concave. The degree of curvature or ellipitcity of the in-
nermost surface 19 of the sleeve 15 is greater than that
of the outermost surface 18 of the race 14, i.e. the surface
19 of the sleeve 15 is more concave than the surface 18
of the race is convex. As a result, the resilient member
16 is of non-uniform thickness and is thicker at the centre
or equator of the housing 11 than at the ends of the hous-
ing 11.

[0072] In the embodiments of bearing assembly 10 il-
lustrated in Figures 2 to 4, the outermost surface 18 of
the race 14 and innermost surface 19 of the sleeve 15
have the same degree of curvature or ellipticity; a planar
surface is one having no degree of curvature or an ellip-
ticity equal to 1. As a result, the resilient member 16 may
be regarded as having a uniform thickness. Even when
the resilient member 16 includes one or more recesses
or protrusions, the thickness of the resilient member 16
at all points free from protrusion or recess is constant. In
contrast, the resilient member 16 of the bearing assembly
10 of Figure 5 varies in thickness.

[0073] The surfaces 18, 19, 23, 24 of the race 14,
sleeve 15 and resilient member 16 adjacent one another
are preferably free of recesses 21 and protrusions 22.
However, the surfaces 18, 19, 23, 24 may nevertheless
be provided with one or more pairs of co-operating pro-
trusions and recesses. In particular, one or more pairs
of co-operating protrusions and recesses may be formed
on the outermost surface 18 of the race 14 and the ad-
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jacent surface 23 of the resilient member 16.

[0074] This design of bearing assembly 10, like that of
Figure 3, is particularly advantageuous when the inter-
face that is likely to shear, upon subjecting the bearing
assembly 10 to repeated or excessive axial or rotational
forces, is that between the sleeve 15 and the resilient
member 16. Owing to the concave shape of the surface
19 of the sleeve 15, any axial displacement of the race
14 relative to the sleeve 15 will cause the resilient mem-
ber 16 to be compressed against the surface 19 of the
sleeve 15. As a result, the race 14 and sleeve 15 are
prevented form separating.

[0075] The curvature of the innermost surface 19 of
the sleeve 15 is preferably non-spherical, i.e. having a
non-zero ellipticity. Accordingly, any rotation of the race
14 relative to the sleeve 15 will cause the resilient mem-
ber 16 to be compressed against the concave surface
19 of the sleeve 15; the only exception to this is when
the race 14 and sleeve 15 rotate relative to one another
about the central axis of the housing 11. Preferably, the
innermost surface 19 of the sleeve 15 is oblate, and more
preferably having an oblate ellipticity (sgrt(1-(c/a)2) of be-
tween 0.80 and 0.97.

[0076] Although reference has been made to the in-
nermost surface 19 of the sleeve 15 having a concave
profile, itwill be appreciated that the same technical effect
is achieved in having a surface 19 that is convex. In this
case, the resilient member 16 is thicker at the ends of
the housing 11 that atthe centre or equator of the housing
11.

[0077] The outermost surface 18 of the race 14 is pref-
erably curved (convex or concave) such that the race 14
and sleeve 15 are additionally prevented from separating
upon failure of the race:resilient member interface. Nev-
ertheless, the surface 18 of the race 14 may alternatively
be planar, particularly when the resilient member 16 is
securely bonded to the race 14 (e.g. by directly moulding
the resilient member 16 onto the race).

[0078] The specific embodiment illustrated in Figure 5
is specifically designed at preventing failure of the bear-
ing assembly 10 at the weaker sleeve:resilient member
interface. It will of course be apparent that the profiles of
the surfaces 18, 19 of the race 14 and sleeve 15 may be
reversed should the weaker interface be that between
the race 14 and the resilient member 16.

[0079] In all embodiments of the bearing assembly 10
described above, a lubricant or self-lubricating liner (not
shown) may be provided between the ball 12 and the
bearing surface 17 of the race 14 to reduce friction.
[0080] Figure 6 illustrates a further embodiment of
bearing assembly 10 in which the resilient member 16 is
provided as part of an insert 25. The insert 25 comprises
an inner cylindrical wall 28 and an outer cylindrical wall
29, which surrounds and is coaxial with the inner wall 28.
The resilient member 16 is disposed between the inner
28 and outer 29 walls of the insert 25.

[0081] The insert 25 is inserted between the race 14
and the sleeve 15 during manufacture of the bearing as-
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sembly 10. Once inserted between the race 14 and the
sleeve 15, the inner wall 28 of the insert 25 forms part of
the race 14, and the outer wall 29 of the insert 25 forms
part of the sleeve 15.

[0082] The innermost surface 30 of the inner wall 28
and the outermost surface 31 of the outer wall 29 are flat
annular surfaces. Similarly, the outermost surface 18 of
the race 14 and the innermost surface 19 of the sleeve
are flat annular surfaces. Consequently, the insert 25
may be easily inserted between the race 14 and sleeve
15. The ends 32 of the inner 28 and outer 29 walls are
deformable and are staked over the ends of the race 14
and the sleeve 15 after the insert 25 has been inserted
such that the insert 25 is firmly retained between the race
14 and sleeve 15.

[0083] The surfaces of the inner 28 and outer 29 walls
adjacent the resilient member 16 include pairs of co-op-
erating recesses 21 and protrusions 22. As described
above in relation to the embodiments of Figures 2 to 5,
recesses and protrusions may be formed on any two or
more surfaces selected from the surfaces of the resilient
member 16 and the surfaces of the inner 28 and outer
29 walls adjacent the resilient member 16. Additionally,
or alternatively, the surfaces of the inner 28 and outer 29
walls adjacentthe resilient member 16 may have different
curvatures such that resilient member is of non-uniform
thickness.

[0084] A method of manufacturing the bearing assem-
bly of Figures 2 to 5 will now be described. The bearing
assembly 10 is preferably manufactured by first swaging
the race 14 onto the ball 12. Any protrusions or recesses
are then machined on the outermost surface 18 of the
race 14. The resilient member 16 is then bonded onto
the outermost surface 18 of the race 14. The resilient
member 16 is preferably an elastomer moulded directly
onto the outermost surface 18 of the race 14 by injection
moulding. By moulding the resilient member 16 directly
on the race 14, the resilient member 16 fills any recesses
and surrounds any protrusions formed on the outermost
surface 18 of the race 14. Any protrusions or recesses
to be formed in the outermost surface 24 of the resilient
member 16 are preferably formed in the moulding proc-
esses. The innermost surface 19 of the sleeve 15 is then
machined to include any necessary protrusions or re-
cesses. Finally, the sleeve 15 is swaged onto the resilient
member 16. Prior to swaging the sleeve 15 on to the
resilient member 16, a layer of adhesive is preferably
applied between the sleeve 15 and resilient member 16
such that the resilient member 16 is bonded to the sleeve
15.

[0085] The elasticity of the bearing assembly 10 de-
pends upon the degree by which the resilient member
16 is compressed between the race 14 and sleeve 15.
Preferably, the resilient member 16 is compressed even-
ly, i.e. the degree of compression is the same at all points
on the resilient member 16, such that the elasticity of the
bearing assembly 10 is consistent. For those embodi-
ments of bearing assembly 10 for which the resilient
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member 16 is of uniform thickness, the calculations re-
quired to compress the resilient member 16 evenly are
much simpler. In particular, swaging the sleeve 15 onto
the resilient member 16 to achieve even compression of
the resilient member 16 is made much simpler.

[0086] Rather than moulding the resilient member 16
onto the race 14 and then swaging the sleeve 15 onto
the resilient member 16, the sleeve 15 may first be po-
sitioned about the race 14 and then the resilient member
16 moulded between the race 14 and sleeve 15. In this
manner, the resilient member 16 is directly bonded to
both the race 14 and sleeve 15.

[0087] Itwill, of course, be appreciated that other meth-
ods conventionally employed in the manufacture of bear-
ing assemblies may alternatively or additionally be used
inthe manufacture of the bearing assembly of the present
invention, and that the process described above is pro-
vided by way of example only. For example, the resilient
member 16 may be moulded in a separate process and
then pulled over the outermost surface 18 of the race 14.
Additionally, the housing 11 may be formed as a separate
element and then swaged onto the ball 12.

[0088] Withthe bearing assembly of the presentinven-
tion, axial and rotational forces are absorbed and damp-
ened more effectively than is possible with known spher-
ical bearings. In particular, the bearing assembly is able
to resist axial and rotational forces which would otherwise
cause the elastomer interfaces of known spherical bear-
ings to shear.

[0089] Whenused inthis Specification and Claims, the
terms "comprises" and "comprising" and variations there-
of mean that the specified features, steps or integers are
included. The terms are not to be interpreted to exclude
the presence of other features, steps or components.
[0090] The featuresdisclosed in the foregoing descrip-
tion, or the following Claims, or the accompanying draw-
ings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or amethod
or process for attaining the disclosed result, as appropri-
ate, may, separately, or in any combination of such fea-
tures, be utilised for realising the invention in diverse
forms thereof.

Claims

1. Abearing assembly comprising a housing and a ball
atleast partially housed within the housing, the hous-
ing comprising a race having a concave bearing sur-
face and receiving at least a portion of the ball, a
sleeve surrounding the race, and a resilient member
disposed between the race and the sleeve, wherein
the surfaces of the race and sleeve adjacent the re-
silientmember and the surfaces of the resilient mem-
ber include at least one pair of a co-operating pro-
trusion and recess.

2. A bearing assembly as claimed in Claim 1, wherein
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10.

11.

14

the at least one protrusion and recess co-operate
such that at least a portion of the resilient member
is compressed upon rotating the race relative to the
sleeve.

A bearing assembly as claimed in Claim 2, wherein
the race and sleeve are arranged coaxially about a
central axis and the at least one protrusion and re-
cess co-operate such that at least a portion of the
resilient member is compressed upon rotating the
race relative to the sleeve about the central axis.

A bearing assembly as claimed in any one of the
preceding claims, wherein at least one co-operating
protrusion and recess are annular.

A bearing assembly as claimed in any one of the
preceding claims, wherein each protrusion and re-
cess has a curved profile.

A bearing assembly as claimed in any one of the
preceding claims, wherein the resilient member is of
uniform thickness and the surface of the race adja-
cent the resilient member includes one or more pro-
trusions and recesses and the surface of the sleeve
adjacent the resilient member includes one or more
co-operating recesses or protrusions.

A bearing assembly as claimed in any one of the
preceding claims, wherein the surfaces of the race
and sleeve adjacent the resilient member are re-
spectively convex and concave.

A bearing assembly as claimed in any one of the
preceding claims, wherein the surfaces of the race
and sleeve adjacent the resilient member have dif-
ferent curvatures.

A bearing assembly as claimed in any one of the
preceding claims, wherein at least one of the surfac-
es ofthe race and sleeve adjacent the resilient mem-
ber is rippled.

A bearing assembly as claimed in any one of the
preceding claims, wherein the surfaces of the race
and sleeve adjacent the resilient member include at
least one pair of a protrusion and protrusion or pro-
trusion and recess which engage with one another
upon displacement of the race relative to the sleeve
so as to prevent any further displacement of the race
relative to the sleeve.

A bearing assembly comprising a housing and a ball
atleast partially housed within the housing, the hous-
ing comprising a race having a concave bearing sur-
face and receiving at least a portion of the ball, a
sleeve surrounding the race, and a resilient member
disposed between the race and the sleeve, wherein
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the surfaces of the race and the sleeve adjacent the
resilient member have different curvatures.

A bearing assembly as claimed in Claim 11, wherein
one of the surfaces of the race and the sleeve adja-
cent the resilient member is a flat annular surface.

A bearing assembly as claimed in Claim 11, wherein
the surfaces of the race and sleeve adjacent the re-
silient member are respectively convex and con-
cave.

A bearing assembly as claimed in any one of Claims
11 to 13, wherein at least one of the surfaces of the
race and sleeve adjacent the resilient member has
a non-spherical curvature.

A bearing assembly as claimed in any one of Claims
11 to 14, wherein the thickness of the resilient mem-
ber is non-uniform.

A bearing assembly as claimed in Claim 15, wherein
the resilient member is thicker at the centre of the
housing than at the ends of the housing.

A bearing assembly as claimed in Claim 15, wherein
the resilient member is thicker at the ends of the
housing than at the centre of the housing.

A bearing assembly as claimed in any one of Claims
11to 17, wherein the surfaces of the race and sleeve
adjacent the resilient member and the surfaces of
the resilient member include at least one pair of a
co-operating protrusion and recess.

A bearing assembly as claimed in any preceding
claim, wherein the ball and the bearing surface of
the race are spherical.

A bearing assembly as claimed in any preceding
claim, wherein the ball includes one or more arms.

A bearing assembly as claimed in any one of Claims
1 to 19, wherein the ball includes a bore.

A bearing assembly as claimed in any one of the
preceding claims, wherein a self-lubricating liner is
provided between the race and ball.

A method of manufacturing a bearing assembly com-
prising the steps of: providing a ball; surrounding the
ball with a race having a concave bearing surface;
surrounding the race with a sleeve; and providing a
resilient member between the race and the sleeve,
wherein the surfaces of the race and sleeve adjacent
the resilient member and the surfaces of the resilient
member include at least one pair of a co-operating
protrusion and recess.
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A method as claimed in Claim 23, wherein the step
of surrounding the ball with a race comprises swag-
ing the race onto the ball.

A method as claimed in Claim 23 or 24, wherein the
steps of surrounding the race with a sleeve and pro-
viding a resilient member between the race and
sleeve comprises surrounding the race with the re-
silient member and swaging the sleeve over the re-
silient member.

A method as claimed in any one of Claims 23 to 25,
wherein the step of providing the resilient member
includes moulding an elastomer onto the race by an
injection process.

A method as claimed in Claim 26, wherein the elas-
tomer is additionally moulded onto the sleeve.
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